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My invention relates fo an e!ectrica! system tion fo provide an improved e!ectricai system for 
for deriving a periodic electrical wave, or severa! deriving a periodic e!ectrical wave which has a 
waveæ, sultab!e for timing or contro! purposes, fundamental frequency which is a particular sub- 
frein a periodic control wave o..f higher funda- multiple of the frequency of a second periodic 
mental frequency. 5 wave. 
My invention bas particular utility in an elec- Another object of my invention is to provide 
trouic timing or frequency dividing system where an improved frequency dividing system in which 
a very large division ratio is desired. As an illus- very large division ratios may be achieved in a 
tration, it is common practice to employ a two- simple and precise manner. 
pole synchronous motor in secondary electric 10 More specifically, it is an object of my invention 
c!ocks operating from a 60-cyc!e power supp!y of to provide an improved coincidence timing sys- 
careful!y-controlled frequency. This requlres an rem. 
intricate gearing arrangement between the 3600 Stfll another object oï my invention is to pro- 
1. P. M. motor and the hour hand of the clock, vide an improved timing or ïrequency division 
having a division ratio of 216,000 to 1. It wou!d 15 system wherein a p!ura!ity of sub-multiple fre- 
obviously be a great advantage to bave a simple quencies may be simultaneously derived from a 
and precise e!ectrical frequency dividing system toaster contro! frequency without mutua! inter- 
to accomp!ish the requlred division ratio, or at ference. 
least division to a frequency which is on!y a smal! For additiona! objects and advantages, and ïor 
multiple of the desired ratio, so that much 20 a better understandingofmyinvention, attention 
sirop!er stepping counters or so!enoid-operated is now directed to the fol!owing description and 
re!ays could be substituted for the comp!ex motor accompanying drawings. The features of the in- 
mechanism and gear train, vention believed to be novel are particularly 
1Vfany other obvious applications for such an pointed out in the appended claims. 
e!ectrical frequency dividing system wil! aiso 25 In the drawings, Fig. 1 is a schematic diagram, 
readfly suggest themse!ves to those ski!!ed in the partly in simplified b!ock form, of a secondary 
art. For example, a !ow frequency signal gen- c!ock system emp!oying the princip!es of my in- 
erator is often desired ,ïor test purposes capable vention; Fig. 2 is a detafled circuit diagram show- 
of producing any one of a number of test ïre- ing circuits suitab!e ïor use in the system of 
quencies which are sub-multiples of the fre- 30 Fig. 1; and Fig. 3 is a simp!ified b!ock diagram 
quency oï a crysta!-contro!!ed osci!!ator of very i!!ustrating another embodiment of my inven- 
much higher ïrequency. tion. 
Very briefly, my invention permits the rime Fig. 1 shows an application «ï my invention to 
division, or ïrequency division, of a periodic e!ec- a secondary e!ectric c!ock system adapted to be 
trica! wave oï fundamenta! frequency ] by a lac- 35 snychronized from a pair of commercial power 
tor n, where n is an integer .factorab!e into m lines t0, carrying a!ternating current of predeter- 

integers a!! of which are prime to each other. To 
accomplish this, m synchronized contro! waves 
are first generated, each derived ïrom the wave of 
frequency ] and each having a fundamenta! 
quency equa! to ] divided by a different one of the 
m integers. Fina!!y, the desired wave of funda- 
mental ïrequency f/n is derived ïrom m-fold 
coincidence between the control waves. Prefer- 
ably, pulse wave ïorms are emp!oyed, the widths 
of the various puises being properly proportioned 
so that corresponding peak values of all the con- 
trol waves are coincident only once for every n 
cycles of the re_aster contro! wave ïrom which 
they are a!l derived. By dup!ication of the coin- 
cidence circuits, or by proper switching arrange- 
ments, it is a!so possible to secure a large number 
oï different division ratios ïrom the saine toaster 
control wave, either simultaneous!y or se!ectively. 
If is, accordingly, a main object of my inven- 

mined, contro!!ed frequency f. This frequency 
may conventiona!!Y be 60 cycles per second. The 
a!ternating current wave from power lines 
40 which wfl! general!y be of sine-wave form, is pref- 
erab!y used to contro! the generation of a train 
of short unidirectional puises recurring at the 
same fundamental frequency. This is repre- 
sented schematica!!y in Fig. I by the generator 
45 which may comprise any one of a number of we!!- 
known circuits, for examp!e, a wave shaping and 
clipping circuit, a synchronized multi-vibrator or 
a blocking oscil!ator. 
The 60-cyc!e puise output from source f! is 
50 simu!taneouslY app!ied through respective buiIer 
amp!ifiers t2, f3, f4 to three frequency dividing 
chains. In the particu!ar circuits chosen for pur- 
poses of fl!ustration, the first chain is repre- 
sented schematica!ly as consisting of two cas- 
55 eaded frequency dividers 5, 6, eaeh adapted to 
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be synchronized from a preceding source to pro- 
duce an output puise wave of one-third the fre- 
quency of the wave applied to its input. As in the 
case of source  , each of these dividers may com- 
prise any one of a number of circuits well known 
to the art, such as blocking oscillators, multi- 
vibrators, fiip-fiop ch'cuits, ring counters, step 
counters, etc. In similar manner, the second 
chatr is illustrated as comprising two frequency 
dividers 7 and I S, each having a division ratio 
of four to one, and the third chain comprises 
,frequency dividers 9 and 21 each having a fre- 
quency division ratio of rive to one. 
In accordance with my invention, the division 
ratios of the several frequency dividing chains 
are related in a particu]ar manner. In this par- 
ticular illustration, let if be assumed that we 
wish to produce a resultant train of output 
timing pulses having a fundarnental frequency 
of one cycle per minute. This means that the 
60-cycle input frequency must be divided by the 
integer 3600. To accomplish this in accordance 
with the invention, I arrange the division ratios 
of the three chains so that their product equals 
3600 and so that they are related to each other 
by whole numbers prime to each other. Thus, in 
this case, the division ratios may be 9, 16 and 
25, respectively. 
If will now be apparent that if the maximum 
widths of the pulses at the outputs of the three 
chains do not exceed the spacing between ad- 
jacent pu!ses from the chain operating at the 
highest fundamental frequency, and if the trains 
of puises are ail rigidly synchronized with the 
source  , then a triple coincidence between them 
will occur only once for every 3600 puises from 
source . This triple coincidence is utilized 
to produce a resultant output pulse ,by supplying 
the pulses from the three trains to any suitable 
known form of coincidence circuit 2. The out- 
put pulses, recurring at the rate of one per min- 
ute, may then be utilized in any suitable manner 
to operate a clock mechanism. They may, for 
example, be applied to a stepping counter of 
the odometer type, in which hours and minutes 
are indicated on three coaxial drums; or as illus- 
trated in Fig. 1, they may be applied to energize a 
stepping relay 22 which actuates a very simple 
clock mechanism 23 through a pawl and ratchet 
In the illustrative system of Fig. 1, if it were 
alternatively desired to obtain an output ave 
having a fundamental frequency of one cycle 
per second, if is obvious that if would ordy be 
necessary to apply the outputs of frequency di- 
viders , 17, 9 to a triple coincidence circuit. 
If, on the other hand, it. were desired to obtain 
an output pulse wave having a frequency of one 
cycle per hour, it is obvious that it would mere- 
ly be necessary to add one more divider to each 
of the three chains, this divider having the same 
frequency division ratio as the preceding stages. 
For completeness of illustration, I have shown 
in Fig. 2 the detailed circuits of one suitable ar- 
rangement of the frequency dividing chains and 
coincidence circuit of Fig. 1. Wherever feasible, 
corresponding reference numerals have been ern- 
ployed to facilitate comparison. The input pulses 
of fundamental frequency f are impressed in 
negative polarity upon the control grids of the 
three buffer amplifiers ! 2,  3,  4 in parallel. 
Each .of the frequency dividers 5-20 comprises 
a well-known form of ,blocking oscillator cir- 
cuit, employing a triode amplifier. Since the cir- 
cuits of all of these blocking oscillators may be 

identical except for circuit constants, only the 
first blocking oscillator  will be described in 
detail. 
The first blocking oscillator in each of the 
5 dividing chains is triggered by common cathode 
coupling with the corresponding buffet amplifier 
through a common cathode resistor. Thus, in 
the blocking oscillator |, the triode  has its 
cathode 3 connected to ground through the 
I0 cathode resistor i, which is also in the cathode 
circuit of amplifier 2. Its anode 32 is con- 
nected to a suitable source of anode operating 
potential, represented conventionally by the 
-250-volt bus 33, through the primary of îeed- 
15 back transformer T and anode load resistor 4 
in series. The control grid 3 is connected 
through the secondary of transformer T and 
through timing capacitor C to ground. A dis- 
charge path for capacitor C is also provided 
20 through discharge resistor R2 to the positive 
Power supply bus. 
The operation of the bIocking oscillator will 
be familiar to those skilled in the art. Assume 
first that the buffer amplifier 2 is conducting 
25 and that capacitor C' is sufficient!y discharged 
that the next negative timing puise applied to 
cathode 3 is sulïicient to drive the grid 35 above 
cut-off. Tube 39 now draws a pulse of anode 
current which causes a voltage drop across the 
30 primary of transformer of T. The polarity of 
the transformer connections is such that this 
appears as a positive voltage pulse at the control 
grid 35, causing a cumulative increase in conduc- 
tion until the control grid 5 very rapidly be- 
.35 cornes positive with respect to the cathode, limit-i 
ing the current. Capacitor C is also charged 
very rapidly during this interval. When the 
rate of voltage buildup on the capacitor C ex- 
ceeds the rate of voltage buildup on the trans- 
40 former T, the grid voltage again starts to de- 
crease. By reverse transformer action, this ac- 
tion is again curnulative, driving the tube 9 
very rapidly to cut-off. It then .remains cut off 
for a period of tirne largely determined by the 
45 discharge rime constant I2--C', until capacitor 
C has discharged sulïiciently so that the next 
succeeding trigger pulse at cathode 3 again 
drives the control grid  above cut-off, cansing 
the cycle to repeat. Thus, the triggered pulse 
50 generator circuit 5 develops a train of sharp 
voltage pulses across load resistor 4, these pulses 
being synchronized with pulses frorn generator 
 , but recurring at a submultlple rate. 
Each negative voltage Pulse in the anode oir- 
55 cuit of the triggered pulse generator, specifically 
a blocking oscillator, is transferred through cou- 
pling capacitor 6 fo trigger the next blocking 
oscillator in the chain. The approximate tUne 
that each blocking oscillator rernains cut off 
60 between pulses is approximately determined by 
adjusting the respective discharge resistors. In 
order that each blocking ocillator rnay operate 
as a precise frequency divider, the values of 
these resistors must be set within fairly narrow 
65 lirnits. If all of the timing capacitors C are 
of identical values, then the resistances of the 
discharge resistors wfll be related in the ratios 
of the required frequency division factors; i. e., 
reading from left to right in Fig. 2, they will 
70 have relative values of 3, 9, 4, 16, 5 and 25 unlts: 
In the case of the particular division ratios 
employed in lig. I, the pulse repetition rates 
at the outputs of the blocking ocillators ;. [$ 
and 29. will .be respectively ore-nin.th, one- 
75 sixteenth and one-twenty-ffth of the êpetition 
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rate of the input puises. :.These three:series .of the:fnndmental frequenCies inv01ved, are prime 
pulses are supplied respectiv.ely .through £he to _each other, and, theref.ore,: tlieirlcorrespond  
coupling capacitors 40, .41, 42 to thecontrot ing harmoni:cs are likewise prime.to_eachothër. 
grids of coincidence tbes 43, 4, 45. The an- As. compared to previous:.ïrequencY..division 
ode . circuits of these three tubes are coupled 5 systems employing series-connècted :ïrequency 
througha common anode resistor 4 to the an- dividers, it. should also be noted that large.' di 

ode supply bus. Their anode voltages .are .held 
to relatively low values by the. anode currents 
drawn by the three tubes, unless all three are 
simultaneously biased to cutoff by the applied 
trigger pulses from the frequency dividing chains. 
If the pulse widths are narrow relative to the 
minimum spacing between any two adjacent 
trigger puises, then it will be apparent that a 
positive voltage pulse of maximum amplitude 15 
appears on the comnïon änode conductor 47 
only .when pulses from all three chains are 
coincident. The resultant output puises may 
be supplied to a ïurther amplitude clipper, if 
desired, fo remove all except the most positive 20 
peaks. 
The ïollowing general principles may be de- 
duced ïrom the foregoing: First, if it is desired 
to divide an input frequency by an integer n 
whose fa-ctors are a, a2, as... ara, then m 
separate frequency dividers may be supplied with 
the input frequency and the m separate out- 
puts may be supplied to an m-fold coincidence 
circuit. If is also required that no pair of num- 
bers a, a2, a, . . .an .be divisible by the same 
number (other than one); that is, all of these 
numbers must be prime to each other. When 
this requirement is met by properly dividing the 
integer n into factors, some of the factors may 
not be prime to each other. Iç is then possible 
to make the divider for this number consist 
of a multiplicity of dividers in cascade, thereby 
securing smaller dividing ratios, the ratios for 
each of the separate chains being prime to each 
other. 
These principles are further fllustrated in the 
block diagram of Fig. 3. ttere the frequency ] 
ïrom source 0 is supplied through buffet am- 
plifiers l, 2, 3 to three dividing chains each 
of which has a different number of dividers in 5 
cascade. Assume that it is desired to divide 
frequency ] by 12,000 at the output of a coin- 
cidence circuit 4. The smallest integral fac- 
tors of 12,000 are 2, 2, 2, 2, 2, 5, 5, 5 and 3. The 
factors 2 maY be combined in a first chain hav- 5O 
ing a total division ratio of 32 fo one, the fac- 
tors 5 may be combined in a second chain hav- 
ing a division ratio of 125 to one and the third 
chain may be a single divider having a ratio 
of 3 to one. This is fllustrated in Fig. 3. It 55 
will, of course, be obvious that several of the 
divider circuits in each chain might also be com- 
bined in a single divider. The only require- 
ment is that the total division ratio of each 
complete chain be related to the ratios of the 60 
other chains by whole numbers prime to each 
other: 32, 125 and 3 in this case. 
Fig. 3 also illustrates that it is possible to 
operate a plurality of coincidence circuits si- 
multaneously from different points on the re- 65 
spective chains. Thus, a coincidence circuit  
is represented for obtaining a frequency divi- 
sion ratio of 30 to one and a third coincidence 
circuit  is illustrated for obtaining a ïrequency 
division ratio of 600 to one. It is important to 7O 
note that the use of parallel-operated ïrequency 
0ividing circuits and multiple coincidence, in 
accordance with my invention, insures substan- 

vision ratios ai be achieved without requiring 
similar, ratios, between the rime constants. Of the 
first and last dividers in. any chain. In par- 
lO ticular, a freq.uency can be divided by a ' Very 
large ratio, using thecircuits illustratédin Fig. 
2, withouttl2eUse of very large .resistors or 
capacitors and without any particularly.string- 
ent requirements on leakage :resistance. This 
advantage applies, fo circuits employing ïree- 
running oscillators, flipfiops or.. multivibrators; 
o quasistable types of counters/such as stair- 
stepcounters, for example. BF.switching co- 
incidence tube inputs, or by using a plurality of 
separate coincidence circuits, as illustrated in 
Fig. 3, all possible ïactorial combinations of di- 
viders may be utflized simultaneously or selec- 
tively without interaction. 
Whfle specific frequency dividing and coinci- 
25 dence circuits bave been shown and described 
to illustrate the principles of my invention, and 
various modifications thereof suggested, it wfll, 
of .course, be understood that various other tyçes 
of circuits for these purposes may be used with- 
30 out departing from the invention in its broader 
aspects and I intend in the appended claires fo 
cover any such modifications as fall within the 
true spirit-and scope of the invention. 
What I claire as new and desire to secure by 
S5 Letters Patent of the United States is: 
1. An electrical timing system for deriving a 
periodic electrical wave of fundamental fre- 
quency /n from a source of waves having funda- 
mental frequency $, where  is an integer factor- 
0 able into m integers all prime to each other, 
comprising a plurality of m frequency dividing 
means simuitaneously energized ïrom said 
source, said means producing m synchronized 
control waves each having a fundamental fre- 
quency equal to ] divided by a different one of 
said m integers, a coincidence circuit having m 
inputs, and means for impressing said control 
waves on said respective inputs, said coincidence 
circuit previding an output voltage only upon 
m-fold coincidence .of corresponding crests of 
said control waves. 
2. In a frequency dividing system, a source of 
periodic electrical waves having crest values of 
one polarity recurring at a ïundamental fre- 
quency ], said frequency being divisible by an 
integral number n which is, in turn, factorable 
into m integers all prime to each other, a group 
of m pulse generating circuits each individually 
synchronized from said source and producing a 
train of puises recurring at ] .divided ,by a dif- 
ferent one of said integers, the widths of all said 
pulses being less than the spacing between adja- 
cent pulses of the train of highest recurrence 
ïrequency, and a puise coincidence circuit con- 
,trolled by all said trains of pulses for producing 
un output pulse only in respense to rime coinci- 
dence of all said çulses. 
3. A coincidence timing system for producing 
a train of electrical output puises of fundamental 
recurrence frequency ]/n in synchronism with 
a periodic oontrol wave of fundamental fre- 
quency ], where n is a whole number ïactorable 
into m integers all prime to each 0ther, com- 

tially complete freedom ïrom ïalse triggering due prising a plurality of m chains of ïrequency 
to feedback or parasitic couplings, because all 75 dividers each synchronizable from said control 



9602 140 

8 

wave and having a division ratio equal to a dif- 
ferent one of said integers, means for imloressing 
said control wave on all said chains in parallel, 
each chain producing a train of synchronized 
control pu/ses of fundamental frequency equal to 
] divided by the corresponding integer, and 
means cornprising a pu/se coincidence ci»cuit 
conjointly controlled by said rn chains for pro- 
ducing an output puise only in response to 
m-fold coincidence o said control pulses. 
4. An electrical system for deriving a periodic 
electrical wave, having crest values recurring af 
a frequency f/n, from a second wave having crest 
values recurring ata frequency ], where ,n is a 
whole number factorable in m. integers each 
prime te each other, a plurality of rn frequency 
dividing means each synchronizable from said 
second wave, means for impressing said second 

wave on ail said dividing means in parallel, each 
dividing means producing a control wave aL 
output having crest values recurring aL a fre- 
quency equal to] divided by u dLfferent one of 
5 said integers, and means comprising a coinci- 
dence circuit energized from all said outputs in 
parallel for producing a periodic electrical wave 
havlng crests corresponding to m-fold coinci- 
dence of the crests of sald control waves. 
10 LYNfAN 1. FINK. 
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